The experimental s t u d i e s of t h e i o n i z a t i o n of m e t a l l i c vapors, which a r e resonantly excited by l a s e r s , have considerably developed i n the past few years. These s t u d i e s have shown t h a t a large v a r i e t y of mechanisms take place i n t h e excited media. Of p a r t i c u l a r i n t e r e s t a r e i ) t h e b n i z a t i o n mechanisms i i ) energy t r a n s f e r mechanisms which a r e implied i n o r serve t h e ionization. W e r e c a l l t h e main f e a t u r e s which have been outlined by t h e i n i t i a l experimental works and which have oriented many f u r t h e r experinents : 1) Eigh f r a c t i o n a l i o n i z a t i o n (50% up t o 100%) i s observed i n dense vapors of Na, L i /1,2,3,4,5/.
It rapidly appeared t h a t t h i s e f f i c i e n t i o n i z a t i o n , which i s obtained within short times ( < 1 P S ) , i s t h e r e s u l t of sequential processes 161: i) a seeding process produces t h e f i r s t f r e e e l e c t r o n s i n t h e medium i i ) t h e f r e e e l e c t r o n s a r e "heated" i n s u p e r e l a s
t i c c o l l i s i o n s with exicted atoms i i i ) In a l a s t s t e p , t h e "hot" e l e c t r o n s i n i t i a t e electron-impact i o n i z a t i o n of t h e vapor which combines with s t e p i i ) i n t o a cascade regime of ionization. This leads rapidly t o an almost complete i o n i z a t i o n of t h e excited vapor. 2) Among t h e seeding processes, c o l l i s i o n a l i o n i z a t i o n i s dominant i n t h e usual ex-
perimental conditions of density (n 2 1 o1 a t cn-3) and l a s e r e x c i t a t i o n . It irrcludes a s s o c i a t i v e i o n i z a t i o n of excited atoms /7,81 and Penning i o n i z a t i o n of excited atoms /9, 10/. The energy pooling c o l l i s i o n 111 / of laser-excited atoms plays an important r o l e a s an intermediate s t e p of t h e s e i o n i z a t i o n processes, i n which atoms a r e produced i n highly excited s t a t e s ne. For high l a s e r i n t e n s i t y , laser-induced c o l l i s i o n a l i o n i z a t i o n may become observable /12/.
In a l l t h e i n i t i a l experiments concerned with i o n i z a t i o n of laser-excited m e t a l l i c vapors, i o n i z a t i o n was studied with ion d e t e c t i o n techniques. W e present complement a r y r e s u l t s which a r e obtained on those systems, with use of e l e c t r o n spectroscopy. Electron spectroscopy has been developed and improved t o an highly refined extent f o r studying c o l l i s i o n a l i o n i z a t i o n i n r a r e gas systems 1131. Turning t o a new type of experiment on laser-excited m e t a l l i c vapors /14, 15/, we w i l l show i n p a r t i c u l a r t h a t e l e c t r o n spectroscopy permits i ) t o resolve t h e d i f f e r e n t i o n i z a t i o n mechanisms and t o c h a r a c t e r i z e them by t h e energy of t h e ejected e l e c t r o n s i i ) t o observe t h e e l e c t r o n s heated o r cooled by i n e l a s t i c processes, l i k e s u p e r e l a s t i c coll i s i o n with excited atoms. F i n a l l y , i t i s important t o n o t i c e t h a t t h e d i f f e r e n t populations of e l e c t r o n s produced by t h e d i f f e r e n t processes a r e simultaneously observed. Relative i n t e n s i t i e s may be e a s i l y obtained from t h e energy spectra.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1985117 I. THE EXPERIMENT Fig.1 shows a schematic view of t h e experimental apparatus. The atomic medium cons i s t s i n an e f f u s i v e atomic beam of Na, Ba o r L i , which i s e x c i t e d a t r i g h t angle by a l a s e r beam, a t t h e source volume of a c y l i n d r i c a l m i r r o r analyzer (CMA). The e l e ct r o n s which a r e produced, d i f f u s e out of t h e i n t e r a c t i o n volume and t h e ones which e n t e r t h e CMA a r e energy-analyzed. The r e s o l u t i o n of t h e CPiA i s A E l E a 0 . 9 %. The e l e c t r o n s may b e a c c e l e r a t e d on t h e i r t r a j e c t o r i e s by a c c e l e r a t i n g g r i d s i n s t a l l e d around t h e i n t e r a c t i o n volume. Monochromatized synchrotron r a d i a t i o n coming from ACO s t o r a g e r i n g was a l s o i n t h e i n t e r a c t i o n region.
In t h e case of Na which w i l l be discussed f i r s t , two l a s e r sources have been success i v e l y used t o e x c i t e t h e e f f u s i v e beam. i ) a c.w, s i n g l e mode, r i n g dye l a s e r (as shown i n Fig.1 ) was locked t o t h e 3s 2 s 1 / 2 (F=2)+ 3p 2~3 / 2 (FV=3) t r a n s i t i o n i n an a u x i l i a r y Na bean. For t y p i c a l i n t e n s i t i e s of a few ~/ c m 2 , up t o 30% of t h e atons were pumped i n t h e e x c i t e d s t a t e . i i ) a pulsed e x c i t a t i o n was a l s o used, tuned t o t h e 3 s 2~1 / 2 + 3 p 2~1 / 2 o r 312 t r a ns i t i o n s . Long p u l s e s ( Z~z z l P S ) of i n t e n s i t y up t o 1 0 6 W cm-2 s a t u r a t e d t h e 3s-3p t r a n s i t i o n . In t h e case of Ba we only used c.w s i n g l e node e x c i t a t i o n of t h e 6s2'so + 6s 6p1p t r a n s i t i o n .
1
The experimentswere a s s o c i a t e d w i t h t h e s t u d i e s of photoionization of atoms /16,17/ i n t h e ground s t a t e o r i n laser-excited s t a t e s , by synchrotron r a d i a t i o n . Synchrot r o n r a d i a t i o n does n o t play d i r e c t l y a p h y s i c a l r o l e i n t h e study of c o l l i s i o n a l i o n i z a t i o n , but i t has been used a s an i d e a l probe of t h e mixed eround-excited s t at e s medium, t h a t i s f o r c a l i b r a t i o n purpose : From t h e known energy p o s i t i o n s of e l e c t r o n s produced by photoionization processes ( i n n e r -s h e l l and o u t e r -s h e l l ) , and from t h e i n t e n s i t i e s of t h e corresponding peaks, one o b t a i n s , f o r each spectrum, r e s p e c t i v e l y , i ) t h e absolute energies of t h e e l e c t r o n s i i ) t h e a b s o l u t e d e n s i t i e s of atoms i n t h e ground s t a t e and i n l a s e r -e x c i t e d s t a t e s . For example, i n t h e spectrum i n Fig.2 , one photon energy is used t o produce photoionization i n t h e 2p s h e l l of Na atom i n t h e ground s t a t e (peak a t 25 eV k i n e t i c energy) and i n t h e 2p s h e l l of laser-excited Na(3p) (hatched peak a t 23 eV). An o t h e r photon energy i s used t o e x c i t e Na(3p) i n a core-excited, autoionizing s t a t e 2p5 3 s 3p 2~5 / 2 , which decays by i o n i z a t i o n (hatched peak a t 28 eV). The d e n s i t i e s i n t h e ground s t a t e , n 3 s , a n d i n t h e l a s e r -e x c i t e d s t a t e , n3p, a r e p r o p o r t i o n a l t o t h e a r e a s under t h e peaks r e s p e c t ively r e f e r r e d t o i n Fig.2 .
ELECTRON KINETIC ENERGY (eV1
(a) (b)
Fig.2 -Electron energy spectrum from Na vapor simultaneously l a s e r -e x c i t e d t o t h e 3~ 2~3 / 2 s t a t e and i r r a d i a t e d with monochromatized ACO synchrotron r a d i a t i o n . High energy e l e c t r o n s (Fig.Za) (22-32 eV) come from 2p s u b s h e l l photoionization (PE) of Na(3s) (GS) o r Na(3p) (ES) atoms by 62.8 eV photons and from a u t o i o n i z a t i o n of a doubly-excited s t a t e 3s3p produced by resonant absorption of 31.4 eV photons by Na(3p) atoms. Low energy e l e c t r o n s (2-8 eV, Fig. 2b) cone from a s s o c i a t i v e i o n i z a t i o n (AI) and Penning i o n i z a t i o n (PI) and a r e heated i n p s u p e r e l a s t i c c o l l i s i o n s (SEC). Spectra i n Fig.1, 2, 3 a r e not c o r r e c t e d f o r t h e transmission of t h e apparatus.
11. EXPERIIIENTAL RESULT S. 1 1 . 1 . -Sodium vapor and C.W. e x c i t a t i o n . Fig.3 shows a spectrum obtained i n Na vapor i n t h e energy range (0, 2.5 eV) with use of a c c e l e r a t i n g g r i d s . Fig.2a) shows a complementary spectrum i n t h e energy range (2, 6.5 eV) obtained d i r e c t l y with t h e CMA. In t h e l a t t e r , t h e c o n t a c t potent i a l VC which appears on t h e w a l l s of t h e i n t e r a c t i o n chanber r e p e l l e d t h e e l e c t r o n s of k i n e t i c energy E ( 2. eV. Those two s p e c t r a g i v e an overview of t h e observed s t r u c t u r e s and chareacterize t h e mechanisms ft r t h e i r production. W e a t t r i b u t e s t r u ct u r e s l a b e l l e d ( a ) + p primes t o e l e c t r o n s produced by a s s o c i a t i v e i o n i z a t i o n (AI) of two Na(3p) atoms :
(where W i s t h e r e l a t i v e k i n e t i c energy of t h e c o l l i d i n g atoms), and subsequently heated by p s u p e r e l a s t i c c o l l i s i o n s with Na(3p) atoms, each of which boosts t h e i r k i n e t i c energy by 2.1 eV. W e determined k i n e t i c e n e r g i e s of 0.0(1) eV, 2.1 ( 1 ) eV, 4.2 (1 ) eV and 6.3 (1 ) eV f o r t h e e l e c t r o n s observed, r e s p e c t i v e l y , i n peaks a ,a' ,at' anda"'. Thclt means t h a t they a r e r a t h e r produced i n an energy-resonant c o l l i s i o n . I f t h a t i s c o r r e c t (what cannot be d e f i n i t e l y proven from our r e s u l t s because of t h e u n c e r t a i n t y E, l a r g e before W), and f o r W = 50 -65 neV, t h e c o l l i s i o n (1) w i l l p r e f e r e n t i a l l y produce Na$ i n v i b r a t i o n a l l e v e l s v c l o s e t o v = 7 113, 19/.TRie e j e c t e d e l e c t r o n s a r e d i s t r i b u t e d experimentally w i t h i n SEe % 0.05 eV, which corresponds t o a few v i b r a t i o n a l spacings. Peaks b, c , d, e i n Fig.3 a r e a t t r i b u t e d t o Penning i o n i z a t i o n (PI) of ~a ( n C ) , resp e c t i v e l y , n t = 3d, 4p, 5 s , 4 d , i n c o l l i s i o n s with Na(3p) atoms :
where E i s t h e binding energy of t h e n 4 e l e c t r o n . Fig.4 shows on a l a r g e r s c a l e nC t h e s t r u c t u r e s produced by P I + p SEC ( s e e a l s o Fig.2.a) ) , b e s t resolved a f t e r 1 SEC. The s t a t e s 118 = 5 s , 4d/4f a r e mainly produced through energy pooling c o l l is i o n s 121, 22/ of two Na(3p) atoms. S t a t e s 4p and 3d a r e r a t h e r populated by radia- 
produced by A I of two Na(3p) atoms followed by p SEC. S t r u c t u r e s produced by P I a r e labe'r led b, c , d , e , f ( s e e t e x t ) . t i v e decay from above-mentioned n& s t a t e s . One can s e e on t h e s p e c t r a i n Fig.4 t h a t t h e dominant c o n t r i b u t i o n t o Penning i o n i z a t i o n -c o n e s from t h e 4p and 5s s t a t e s . In a d d i t i o n , t h e r e l a t i v e c o n t r i b u t i o n of t h e 4d/4f s t a t e s seems t o depend on t h e temp e r a t u r e . W e consider now some t y p i c a l q u a n t i t a t i v e r e s u l t s t h a t we obtained from t h e s p e c t r a i . e t h e v a r i a t i o n of t h e d i f f e r e n t s i g n a l s with t h e e x c i t e d atoms d e n s i t y , t h e l a tt e r being determined with h e l p of t h e synchrotron r a d i a t i o n ( s e e § 11). W e chose t o concentrate on t h e a n a l y s i s of t h e e l e c t r o n s which have a k i n e t i c energy l a r g e r than 3 eV, because it occurs where t h e ClIA transmission is well known. Fig.5 shows a p l o t of t h e t o t a l counting r a t e N (AI + 2SEC) of t h e electromproduced by A I and heated by 2 SEC, a s a f u n c t i o n of t h e a b s o l u t e n3p. It e x h i b i t s a cubic dependence while one would expect a t f i r s t a f o u r t h power dependence : f o u r Na(3p) a r e involved i n t o t h e s e q u e n t i a l processes and d i f f u s i o n i s t h e main l o s s f o r e l e c t r o n s i n t h e medium. To explain t h i s cubic dependence, we have t o e n t e r a l i t t l e i n t o t h e k i n e t i c s , with very simple arguments. 
-Schematic r e p r e s e n t a t i o n of r a t e a t 4.2 eV (peak a") a s a f u n c t i o n t h e contact p o t e n t i a l VC and of t h e of d e n s i t y ngp determined from innerplasma p o t e n t i a l V f o r t h e geometry s h e l l photoionization. The d a t a were obof t h e experirnent.P~ccelerating g r i d s t a i n e d f o r an oven temperature To of were used t o compensate VC. about 520K. ( m ) : experimental p o i n t s ;
(---) : l e a s t square f i t .
a plasma p o t e n t i a l V (0.leV -0.8 eV) e x i s t s i n t h e excited medium, whlch adds t o t h e contact potentia! VC (~2 eV), induced on t h e w a l l s of t h e i n t e r a c t i o n chamber. Primary e l e c t r o n produced by A I ( EeSO.l eV) a r e then trapped i n t o t h e ionized medium u n t i l 1 they have gained 2.1 eV k i n e t i c energy i n one SEC t o d i f f u s e f r e e l y out of i t .
Only a small f r a c t i o n which d r i f t s out of t h e ionized medium can be detect e d a t t h e i r i n i t i a l energy. It i s now simple, from a r a t e equation a n a l y s i s 1151, t o s e e t h a t t h e d e n s i t y of e l e c t r o n s heated i n 1 SEC, n 1 , i s d i r e c t l y p r o p o r t i o n a l t o t h e c r e a t i o n r a t e , 2
SAI, f o r t h e primary e l e c t r o n s . F% SAI = qI < vrel) n3p , n: v a r i e s a s -t h e square and subsequent n i a s t h e t h i r d power of n3p, which 1 s experimentally observed. When t h e consistency of t h e model i s achieved, one may o b t a i n t h e c o l l i s i o n r a t e f o r A I a t To = 520K, KAI = (3.5+ 1.5) x 10-I m3 S-' , and t h e cross s e c t i o n = (4 2) x 10-17 cm2, which compare reasonably with previously measured values 129; 23/. As a f u r t h e r r e s u l t of t h i s a n a l y s i s , we found t h e r a t i o Kp (5s)/KA1 of t h e r a t e c o e f f i c i e n t f o r PI of Na(5s) t o t h e A I r a t e coefficient,KpI t5s)/KpI = ( 5 2 2) X 104 a t To = 520K. The cross s e c t i o n GI (5s) = ( l . , .5)x10-12 cm2 has a r a t h e r high value, s i m i l a r t o t h e ones which have been measured f o r P.1 of excited Rb atoms /10/. W e want now t o comment on some s p e c t r a obtained a t low temperature T,< 520K, and which present s u r p r i s i n g c h a r a c t e r i s t i c f e a t u r e s . Fig.7 shows i n two of those spectra t h e double-peaked s t r u c t u r e which appeared around 2.1 eV (peaks a', a' a t l a s e r power PL = 100 m W ) and was reproduced around 4.2 eV (peaks g(",afi a t 100 and 500 m W ) .
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Fig.7 -Electron energy s p e c t r a obtained i n Na a t To(520K f o r two l a s e r powers
PL. Peak a ' i s s h i f t e d t o lower values of t h e k i n e t i c energy because of t h e increasing Vp. Both t h e r e l a t i v e i n t e n s i t i e s and energy s p l i t t i n g of t h e double-peaked
s t r u c t u r e or" and a" a r e observed t o be independent of PL.
One observe by comparing t h e two s p e c t r a t h a t peaks produced a t an energy Eek 2.5eV by PI and A I + pSEC increased with increasing P=, and t h a t plasna p o t e n t i a l Vp s imultaneously increased t h e minimum pass k i n e t i c energy with consequent decrease of peaks ' and a ' . However, we have measured t h a t both t h e r e l a t i v e i n t e n s i t i e s and i n c o l l i s i o n s with t h e dimers i s very u n l i k e l y t o produce t h e observed l a r g e popul a t i o n of 2 eV e l e c t r o n s because t h e f r a c t i o n a l density of t h e dimers i s l e s s than 1 % ( t h e c h a r a c t e r i s t i c time f o r t h i s process would be equal t o t h e e l e c t r o n d i ffusion time f o r a cross s e c t i o n b.=10-l0 -10-9 cm2)SIt i s a l s o u n l i k e l y t h a t inhomogeneous d i f f u s i o n e f f e c t s occur since they would have depended on t h e plasma pot e n t i a l . F i n a l l y we t e n t a t i v e l y propose two hypothesis u n t i l 1 we have a d e f i n i t e explanation of t h e observed s t r u c t u r e . A f i r s t hypothesis f o r t h e o r i g i n of peak&' a t 2.0 eV i s t h a t excited negative ions a r e produced i n t h e vapor 124, 25, 151. They w i l l decay within very short times, and t h e e l e c t r o n can be detached with an energy of about 2 eV. The e f f i c i e n c y of such a mechanism i s y e t not known. An o t h e r hypothesis i s t h a t t h e observed s t r u c t u r e s reproduce t h e energy d i s t r i b ut i o n of t h e primary e l e c t r o n s (within t h e u n c e r t a i n t y of 0.1 eV on t h e absolute energies), which w i l l be due t o multichannel c o l l i s i o n process i n a s s o c i a t i v e ionization. The c o l l i s i o n would p r e f e r e n t i a l l y produce t h e dimer ion i n two separated groups of v i b r a t i o n a l l e v e l s , t h e e l e c t r o n s being e j e c t e d i n two d i f f e r e n t narrow ranges of energy.
Sodium vapor and pulsed e x c i t a t i o n .
With t h e pulsed l a s e r source I261 described i n §I, we obtained an o t h e r reference s i g n a l by tuning t h e l a s e r wavelength t o t h e two-photon pumping of t h e 5s s t a t e ( h =602.3 nm). The photoionization cross s e c t i o n f o r t h e 5s a t t h i s energy i s weak ( Q (5s) 0.05 M b 1271) but t h e 5s s t a t e decays t o t h e 4p s t a t e whlch i s e f f icieKtly photoionized (Q. (4p) = 4 Mb) . Fig.8b ) shows t h e photoe'Pectron spectrum produced by t h photoionization of ~a ( 4 p ) a t 2 = 602.3 nm. Tuning t h e l a s e r t o t h e 3 s 2~l 1 2~3 P 2P3/2 t r a n s i t i o n ( A -589 nm),
we can a t t r i b u t e d i r e c t l y t h e observed peaks shown I n Fig.8a ). The spectrum reproduces the general p a t t e r n of t h e c. b) A = 602 nm. One observes photoelect r o n s coming from photoionization of t h e 4p s t a t e . The l a t t e r was populated from r a d i a t i v e decay of t h e two-photon pumped 5s s t a t e . This peak was used as an energy reference.
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Cl-170 JOURNAL DE PHYSIQUE s t i l l a t t r i b u t e d t o e l e c t r o n s produced by A I ( l ) , and heated by q SEC . It i s n o t iceable t h a t t h e ion density i s high enough during t h e pulse t o induce a plasma pot e n t i a l which t r a p s t h e prlnary e l e c t r o n s f r o n A I ; t h e l a t t e r a r e then e f f i c i e n t l y heated i n SEC. Photoionization of Ma(n ) produced peaks b(3d), c(Lp), e(4d), f (6s). The peaks a r e observed i n t h e same p o s i t i o n than i n t h e c.w e x c i t a t i o n case, t h e e l e c t r o n s being ejected with t h e same energy Ee =%W-Q& than i n PI ( 2 ) . Peak d(5s) cannot be due t o photoionization (Qp(5s) 4 b p (4p), b p ( 4 d ) . . .) and i s r a t h e r a t t r i b u t e d t o
Penning i o n i z a t i o n of lJa(5.s). One can obtaln an o t h e r estimate of t h e r a t e coeffic i e n t K p l (5s), by comparing t h e r e l a t i v e i n t e n s i t i e s of i ) peak d(5s) and i i ) peaks b, c , e produced by photoionization. This conparison leads t o KpI(5s)= (3 f 1 . 5 )~1 0 -~ cm3 s-l and r p I ( 5 s ) = ( 4 2 2 ) X 10-3 cn2 which i s i n reasonable agreement with t h e values measured i n t h e c.w e x c i t a t i o n case.
-Barium vapor and c.w e x c i t a t i o n
In t h i s experiment t h e c.w l a s e r was tuned t o t h e 6s2 + 6s6p t r a n s i t i o n 15, 141. Population of t h e 5d metastable s t a t e increased i n t h e excited volume a s a function of t h e l a s e r i n t e n s i t y (or l a s e r power PL). C o l l i s i o n a l quenching of t h e 5d 1D2 s t a t e populated i n turn t h e 5d 3D s t a t e . Photoionization produced by synchrotron r a d i a t i o n was used, a s i n t h e case of Na, t o determine t h e absolute dens i t i e s i n t h e ground s t a t e and f o r high enough l a s e r i n t e n s i t y , i n t h e 5d ID2 and 3~ metastable s t a t e s 1281. Up t o 5CZ of t h e atoms could be t r a n s f e r e d i n t h e 5dstates However, no measurable l i n e i n t h e photoelectron s p e c t r a could have been a t t r i b u t e d t o photoionization of Ba(6p 'p1). That means i n p a r t i c u l a r , t h a t f o r high l a s e r i n t e n s i t y , t h e d e n s i t y i n t h e 6s6p lP1 s t a t e was much smaller than i n t h e n e t a s t a b l e s t a t e s . The s p e c t r a presented i n Fig.9 i l l u s t r a t e t h e r o l e of s u p e r e l a s t i c c o l l i s i o n s between e l e c t r o n s and atoms i n t h e d i f f e r e n t excited s t a t e s . Spectrum a) was obtained a t low l a s e r i n t e n s i t y f o r which a dominant population i n t h e 6p s t a t e i s expected.
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F i g . 9 -Electron energy s p e c t r a i n t h e range 2-6 eV obtained i n Ba vapor f o r two l a s e r powers PL. a ) . Electrons of k i n e t i c energy Eel a r e heated i n SEC with Ba (6p I P , ) . b)Populationof t h e 5d 'D and 3~ s t a t e s i s dominant over populat i o n of pp I P , , e l e c t r o n s of energy E$ make 1 o r 2 SEC with Ba (5d 3~) o r Ba (5d ID) (see t e x t ) .
E l e c t r o n s (~r o b a b l~ produced by Penning i o n i z a t i o ? of h i g h l y e x c i t e d atoms w i t h Ba ( 6 p ) ) a r e observed a f t e r 1 SEC ( a t t h e energy E : ) arid 2SEC (peak 3 i n Fig.9a ) w i t h Ba(6p) : Spectrum b) was o b t a i n e d a t an h i g h e r i n t e n s i t y f o r a dominant p o p u l a t i o n i n t h e 5d s t a t e s ID and 3D. It shows t h a t from a p o p u l a t i o n of e l e c t r o n s of e n e r g i e s around E$, a r e now o b s e r v e e l e c t r o n s of t h e e n e r g i e s E, = EJ + p E (5d 3~) + qE (5d 111) where t h e p a i r s (p, q) p , q = 0, 1 , 2 correspond, r e s p e c t i v e l y , t o peaks 1 , 2 , 1 . 1 , 1.2 o r 2.1, and 2.2. These e l e c t r o n s a r e t h e n h e a t e d i n t h e s u p e r e l a s t i c p r o c e s s (4) : W e n o t i c e on Fig. 9b t h a t t h e energy ~t + E (6p I P ) i s q u i t e c l o s e t o 1 ~g + 2E ( 5 d 3~) and t h a t p r o c e s s (3) can superimpose t o (4) i n t h e spectrum.
I n c o n c l u s i o n , we have i l l u s t r a t e d t h e t y p e of i n f o r m a t i o n s which a r e a c c e s s i b l e w i t h use of e l e c t r o n s p e c t r o s c o p y , i n t h e s t u d y of i o n i z a t i o n i n l a s e r -e x c i t e d m e t a l l i c vapors. I n t h e c a s e of Na, we have i d e n t i f i e d t h e i o n i z a t i o n p r o c e s s e s and given c l e a r evidence t h a t electron-atom s u p e r e l a s t i c c o l l i s i o n s t a k e p l a c e i n t h e e x c i t e d vapor. It was a l s o p o s s i b l e t o o b t a i n c r o s s s e c t i o n s f o r t h e d i f f e r e n t mechanisms from two t y p e s of d a t a (c.w and pulsed e x c i t a t i o n s ) . S i m i l a r r e s u l t s a r e , a t l e a s t q u a l i t a t i v e l y , o b t a i n e d i n Ba. W e t h i n k f i n a l l y t h a t e l e c t r o n spec- e ) P h y s i c s Department, S t a @ U n i v e r s i t y of New York, STONY BROOK.
